Purpose. this study investigated the association between physical activity (PA), motor competence (Mc), and perceived physical competence (PPc) in 56 boys and 65 girls aged 6-9 years. Methods. PA was recorded by Omron HJ-720It pedometers, Mc was assessed with the bruininks-Oseretsky test of Motor Proficiency, second edition, and PPc was determined with the physical competence subscale of the Pictorial Scale of Perceived competence and Social Acceptance for Young children, Greek version. Results. ANcOVA (with age as a covariate) revealed that boys were significantly more active than girls. correlations among PA, Mc, and PPc were not significant in either gender. Conclusions. It seems that between 6 and 9 years of age, the relation among PA, Mc, and PPc has not been formed yet. this age range is offered for interventions targeting these factors in order for their relationship to be enhanced later in life. However, further research for the investigation of other variables that may associate with PA at this age is needed.
Introduction
With the need to increase the levels of physical activity (PA) during childhood being urgent [1] , several researchers have investigated the factors associated with children's PA participation. Gender seems to differentiate children's PA levels, with boys being more active than their female peers [e.g., [2] [3] [4] . However, in both genders, age appears to play a significant role too, as research findings suggest that PA levels are increased in 5-9-year-olds, whereas after the age of 10 there is a decrease, which becomes bigger in adolescence [5] .
If PA declines in late childhood and adolescence are to be diminished, the first years of school age (6-9 years) are very important for the establishment of a physically active lifestyle through enhancing PA correlates. Among these correlates, motor competence (Mc) seems to be a critical one. Several studies have found a positive relationship between PA and Mc in children and youth aged 5-16 years [e.g., [6] [7] [8] [9] [10] [11] , with more competent children participating in higher levels of PA and less skilled children avoiding PA, perhaps owing to a hypothetical 'proficiency barrier' that they face [12] . However, this issue has been investigated to a limited extent in children aged 6-9 years [2, 4, 10, 11, 13, 14] , with the majority of studies revealing a significant association between PA and Mc at this specific age [10, 11, 13, 14] .
Another key correlate of PA is children's perception of their physical competence. Higher levels of perceived physical competence (PPc) have been found to positively associate with increased PA in children [e.g., 3] and youth [e.g., 15]. However, for school age children, research findings are few and conflicting, with some studies having detected a significant relationship between PA and PPc [16] and some other not [2, 4, 13] .
concerning the relationship between PA, Mc and PPc, according to the theoretical model of Stodden et al. [17] , PPc acts as a mediator in the association between PA and Mc, with a child of a high Mc level demonstrating greater PA if their PPc is positive. this hypothesis has been confirmed by some researchers [18] ; nevertheless, only a limited number of studies have focused on children between 6-9 years of age [2] [3] [4] 13] , and their results are inconsistent. Specifically, in the study by barnett et al. [2] , the relationship between Mc and PA, as well as between PPc and PA, was found to be insignificant in children aged 5-8 years (n = 102), whereas the relationship between PPc and Mc turned out significant. Similar were the findings of Slykerman et al. [4] , who examined these relationships in 109 children aged 5-7 years. On the other hand, Wrotniak et al. [13] and de Meester et al. [3] , who also report a significant association between PPc and Mc in 8-10-year-old children (n = 65 and n = 361, respectively), found a significant relationship between Mc and PA, whereas only de Meester et al. [3] revealed a significant association between PPc and PA. In this context, it becomes obvious that the relationship between PA, Mc, and PPc in school-aged children is not clear, as research evidence is quite limited and the results are rather ambiguous. the investigation of this relationship in that age period will shed light into PA correlates and may contribute to better understanding of children's PA behaviours. the aim of the present cross-sectional study was to investigate the relationship between PA, Mc, and PPc in boys and girls aged 6-9 years.
Material and methods
Participants the total of 145 children aged 6-9 years living in Athens (Greece) volunteered to participate in the study. their parents (or legal guardians) signed a written informed consent before the children's participation in the study. the research was conducted in accordance with the declaration of Helsinki. From among the above participants, 121 (56 boys and 65 girls; mean age = 7.6 years, SD = 0.9) provided valid pedometer data and completed all assessments, thus their data were used for the statistical analyses.
Measures
Physical activity the participants' PA was recorded with the use of Walking Style Pro HJ-720It-E2 (HJ-720) Omron pedometers over 7 consecutive days. the average daily steps were considered in the study. the Omron HJ-720 pedometer has been found to accurately record ambulatory activity in children [19] .
Motor competence
the bruininks-Oseretsky test of Motor Proficiency, second edition, Short Form (bOt-2SF) [20] was used to evaluate the children's actual Mc. the bOt-2 is a widely used, well-validated, standardized, normreferenced measure of fine and gross motor skills of children and youth aged 4-21 years [20] . It consists of the following 14 items: drawing lines through paths, crooked; folding paper; copying a square; copying a star; transferring pennies; dropping and catching a ball; dribbling a ball; jumping in place, same sides synchronized; tapping feet and fingers; walking forward on a line; one-legged stationary hop; standing on one leg on a balance beam -eyes open; knee push-ups; situps. Its administration lasts approximately 25-30 minutes. An examinee's performance on the bOt-2SF can be reported as a total point score, standard score, percentile rank, or in descriptive categories. In the present study, the total bOt-2SF point score was applied. regarding the bOt-2SF psychometric characteristics in the Greek population, there is enough evidence supporting both its validity and reliability [21] .
Perceived physical competence the physical competence subscale of the Pictorial Scale of Perceived competence and Social Acceptance for Young children (PSPcSA) [22] was used to assess the participants' PPc. this subscale determines the children's perception of their competence when performing 5 skills (running, climbing, bouncing a ball, swinging, horizontal bar), which are presented to children through sex-specific drawings. For each skill, 2 drawings illustrating opposite skill performance (competent and poor) are presented. First, the child is asked which drawing is like him or her, and then they rate their performance as 'really good' or 'pretty good' (for competent performance) and 'sort of good' or 'not that good' (for poor performance). responses are rated on a 4-point Likert scale ranging from 1 (low PPc) to 4 (high PPc). the subscale score is the mean of the 5 item scores. the administration of the PSPcSA-physical competence subscale lasts approximately 5-7 minutes.
the validity and reliability of the PSPcSA have been examined by its authors [22] . In the present study, the Greek version of the scale was used [23] , which presents adequate psychometric characteristics [23] .
Procedure the administration of both bOt-2SF and PSPcSA took place on an individual basis, according to the specific guidelines [20, 23] . the examiner was experienced in dealing with the bOt-2 and PSPcSA and familiar with motor and self-perception assessment in general. In order to avoid the participants' PPc to be affected by their performance on the bOt-2SF, the assessment of Mc followed that of PPc.
After the completion of the above measurements, children were given the pedometers along with written information and instructions for their appropriate use. before usage, the pedometers were all tested and demonstrated < 3% error on a walk test and < 1% error on a shake test [24] . Each pedometer was fitted at the child's right hip every day after waking up and dressing, and was removed when the child was sleeping, bathing, or swimming. Parents were asked to ensure that their children wore the pedometers as long as possible during the day, for 7 consecutive days. If a child forgot to wear their pedometer, they were instructed to wear it on the following day. the 7-day evaluation period is recommended as a sufficient length of time for determining children's PA levels [25] .
Statistical analyses
Average pedometer counts were calculated for two time periods: (a) weekdays: average step counts for at least 3-weekday data, and (b) weekend: average step counts for Saturday and Sunday data. Pedometer scores below 1000 and above 30,000 were not included in the analyses as they were identified as outlying scores.
According to Shapiro-Wilk's tests and/or box plots, data were normally distributed. A one way ANcOVA was used to determine possible differences in PA between girls and boys, including age as a covariate. Apart from p values, effect size was also examined with 2 for data interpretation, following cohen's [26] guidelines ( 2 values smaller than 0.06 are considered small, those between 0.06 and 0.13 are considered medium, and those higher than 0.14 are considered large). Pearson product-moment correlation (r) was applied to examine potential correlations between the children's average daily steps (PA), the total bOt-2SF point score (Mc), and the PSPcSA-physical competence subscale score (PPc).
As statistically significant differences were revealed between the PA of boys and girls, Pearson productmoment correlations were computed for each gender separately. Statistical analyses were performed with the use of the IbM SPSS Statistics 22.0 and alpha level was set at 0.05.
Ethical approval
the research related to human use has been complied with all the relevant national regulations and institutional policies, has followed the tenets of the declaration of Helsinki, and has been approved by the authors' institutional review board.
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Results table 1 provides descriptive statistics aggregated by sex for age, PA, Mc, and PPc. It can be noticed that boys accumulated more daily steps than girls; however, they had almost the same mean Mc score, which was high (taking into account that bOt-2SF assesses Mc of children and youth aged 4-21 years). this reveals that both boys and girls were proficient movers. Moreover, boys demonstrated a slightly higher PPc mean compared with girls, with the values proving that the participants held relatively positive perception of their physical competence. Discussion the aim of this study was to examine the relationship between PA, Mc, and PPc in boys and girls aged 6-9 years. Starting with a closer look at the participants' PA, the results revealed that although boys succeeded to gather the daily PA that is necessary for their health (13,000-15,000 steps/day) [27] , girls' PA was lower than it is recommended (11,000-13,000 steps/day) [27] . Moreover, boys were significantly more physically active than girls, a finding that is in line with a growing body of research [e.g., 2-4]. these significant differences in PA favouring boys could be, in part, explained by the cultural context [28] , in which both genders may be forced into their stereotyped roles, avoiding specific activities [29] . According to several studies, boys engage in more vigorous-intensity activities involving greater amounts of body contact than girls and play in larger groups in more open settings [30] . In contrast, girls prefer socializing with friends and taking part in low-intensity activities, like hopscotch [30] . taking into consideration that PA declines after the age of 10 years [5] , it is obvious that efforts to increase the participation of girls aged 6-9 years in PA should be forced. to that direction, developmentally appropriate PA opportunities in primary schools could be embedded in the curriculum to ensure that no child is excluded from PA.
concerning the association between PA and its correlates, starting with Mc, according to the theoretical model of Stodden et al. [17] , PA and Mc are weakly related in young children, whereas their relationships become more significant and strengthen in middle childhood (7-9 years) and adolescence. the above hypothesis has been confirmed by research findings that revealed weak correlations between PA and Mc in preschool children [31] and moderate to strong in adolescents [6] . the present results showed that the correlation between those two variables was nonsignificant in 6-9-year-old children, either boys or girls. Similar were the conclusions of both barnett et al. [2] and Slykerman et al. [4] in children aged 5-8 years and 5-7 years, respectively.
However, this study contrasts with previous research that has found Mc to be associated with PA in school aged children [e.g., 7-11, 13, 14, 32] . Nevertheless, in some of these studies, PA was measured with subjective (self-reported) tools [10, 11] or a wider age range was included [7] [8] [9] 32] , making the comparison of their findings with the present ones difficult.
the nonsignificant relationship between PA and Mc in the current study, despite the participants' high Mc level, can perhaps be explained by the fact that PA in that age stems from playful activities which may not require a high Mc level; as children age, a larger amount of PA may come from sport-related activities [2] . Moreover, it should be taken into account that in this young age, parents determine children's PA participation [33] .
In the current study, a nonsignificant relationship between PA and PPc was revealed. this finding is in line with previous studies in children [2, 4, 13] ; however, it remains in contrast with other studies, which report a significant association of PPc with PA [3, 16] . Nevertheless, it should be noted that in those studies, different aspects of the multidimensional structure of PPc [34] were examined, such as perceived physical appearance, perceived physical performance, and perceived physical fitness. consequently, comparisons with our findings should be made with caution. the lack of association between PA and PPc in the present study is probably caused by the participants' high positive perception of their competence [35] .
Finally, a nonsignificant relationship between the children's Mc and PPc was also revealed. this finding is in close agreement with the observations of Spessato et al. [36] , but only with reference to the age of 7 years, and remains in contrast with other studies [2, 13, 37] . Perhaps it is the participants' very positive perception of their physical competence that contributed to the lack of association between Mc and PPc. It is well known that young children (almost until the age of 8) tend to have inflated perception of their physical competence [38] , as it is difficult for them to distinguish between their efforts and the results of their actions [38] .
this study has some limitations that should be taken into account when interpreting its findings. to begin with, its cross-sectional design, as well as the relatively small sample weaken its findings. Secondly, although pedometers provide objective information about PA, they cannot assess specific physical activities (e.g., cycling, swimming) or PA intensity, in this way restricting information about the actual PA. besides its limitations, however, the study, by combining objective PA data with children's performance on two widely used assessment tools (bOt-2SF and PSPcSA), sheds light on an interesting issue that has not been fully investigated yet.
the absence of significant correlations among Mc, PPc, and PA in children aged 6-9 years observed in this study indicates that their association may not have been formed yet. However, the enhancement of both PPc and Mc at this age is important. Starting with the Mc, its significant role for PA participation later in life has been well documented [39, 40] , so encouraging a high Mc level in childhood is of great importance. Also essential is the promotion of children's confidence and enjoyment during PA to ensure that their positive PPc will maintain later in life [15] . However, further research for the investigation of other variables (e.g., parent PA, parent overweight/obesity, parental encouragement, family socioeconomic status) that may associate with PA at this age is needed if PA participation is to be fully understood.
Conclusions
the results of this study indicate that the relationship among PA, Mc, and PPc in children aged 6-9 years seems to have not been formed yet. Since the association among these three variables is thought to strengthen as children get older [17] , the age period between 6 and 9 years appears to be 'a window of opportunity' for enhancing Mc and maintaining positive PPc in order for their association with PA to be positive in adolescence and adulthood, as well as for lifetime PA participation to be achieved.
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